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1 INTRODUCTION

When writing scientific code, it is often
useful to visualize some aspect of your
program to check that everything makes
sense. Such examples of “debugging for
sanity” include,

« Ensuring that geometry looks right

« Are particles being produced in the
right place?

« Do particles have the right momen-
tum?

« More generally, is your algorithm doing
the right thing?

Hopefully the sooner you debug your
code for sanity, the more correct your
code will be as you write it.

There are two problems with debugging
for sanity:

1. Collecting the data to be visualized

2. Visualizing it with some data visualiza-
tion application like Root, R, python,
or ParaView

Collecting the data means determining
what data you want to view and then
somehow getting that out of your pro-
gram. Typically, one opens a file, col-
lects the data in some object that loops
over events, and then at the end of the
job write that data to the file and close
the file. Or you write the data to a log
file.

These options involve altering your code
to perform this debugging task. You
probably don’t want to run this code
once you've past this point in develop-
ment, so you may surround the debug-
ging code with pre-compiler macros to
turn it on and off. This makes your code
ugly and hard to read. Or you'll just de-
lete this code, but you may need it again
some day later.

This document describes how to use the
OSX Xcode Debugger to instrument
your code to collect the desired data
without altering the code itself.

Debugging for sanity should also lead to
writing useful unit tests that you should
add to your codebase.

There are limitations to this method.
Here we assume that sanity checks
means running or creating a small sam-
ple of events for a quick check. If you
need a large statistical sample (millions
of data points), then you need to do
something more substantial, like write a
special Art analyzer to extract the de-
sired data.

The debugger only has access to ob-
jects in memory. If you need to run a
function to get the desired data, then
this mechanism may not work.

Furthermore, for OSX you need to build
the code you are debugging (you cannot
easily debug libraries in the release).
See GM2-doc-2459 (E989 Note 51) for
more information on using your Mac for
development and debugging.

We'll follow an example of debugging
the production of particles by the muon
gas gun in the gm2ringsim simulation.
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1.1 PREPARATIONS

We are going to debug for sanity the
creation of particles by the Muon gas
gun in gm2ringsim. For this example,
we will need to build gm2ringsim our-
selves (remember on the Mac, if you
want to debug it, you must build it). We
also need to build it from the debug re-
lease. Using the prof may work, but in
many cases the variables you may want
to examine will be optimized away or in-
accessible. Remember, we are debug-
ging for sanity so we will be making
small data samples. Therefore, speed
should not be a huge issue.

Set up a development area using the lat-
est debug release that is available. You
can find this out by doing

ups list -aK+ gm2 | grep debug

For this example. we’ll be using

gm2 v5 00 _00 -gq e6:debug. Since this
is a base release, we need to build
artgd, gm2geom, gm2dataproducts and
gm2ringsim ourselves. If there was a
point release, then perhaps we could

have only built gm2ringsim ourselves,
but there is no such debug point release
when this article was written.

All of these topics are covered in the
Offline Computing and Software Manual

(GM2-doc-1825) [or in the release] and

GM?2-doc-2459 (E989 Note 51).

Looking at the code, we see that a good
place to check sanity is in

gm2ringsim/actions/PGA/G2MuonGasSo
urce.cc line 214. That is where the gen-

erated particle’s position and momentum
are set. Let’'s examine these quantities.

o+ G2ZMuonGasSource.cc

[ profile-sim ) E My Mac

profile-sim | Build profile-sim: Canceled | 1/15/15 at 10:54 AM

G2MuonGasSource.cc Debug

QNGO =Ep 3 02 <« » |3 profile-sim ) | srcs ) | gm2ringsim ) [ actions ) | | PGA ) ¢. G2MuonGasSource.cc ) gm2ringsim::G2MuonGasSource::GeneratePrimaryVertex(G4Event* evt)

h G2BeamT...Source.hh | 53 s.rotatez( —bsiSRand ):
c- G2Genera...Source.cc 204

h G2Genera...Source.hh | “°
| | 92GPS.fcl

o+ G2GPSSettings.cc 208 G4ThreeVector g2p = G4ThreeVector( p.y(), p.z(), p.
h G2GPSSettings.hh 209 G4ThreeVector g2s = G4ThreeVector( s.y(), s.z(),
... G2InflectorSource.cc 20
s 211 // Load the muonGasGun.
h| G2InflectorSource.hh | 5y, muonGasGun_->SetParticleTime( randT );
| B 213 muonGasGun_->SetParticlePosition( G4ThreeVector( g2r.x(), g2r.y(), g2r.z() ) );

h G2MuonGasSource.hh

c- G2PGA_service.cc 216

h G2PGA_service.hh 217 if( muonGasVerbosity_ ) {
¢ G2SingleP...Source.cc | 2% // Print some stuff

o 219
L) (CRIGER SN | static int COUNT_PRIMARIES = 0;
o+ G2SPSTim...ibution.cc | 55, G4cout << endl;

206 // Transform {position,momentum,spin} back to g2MIGTRACE coordinates.
207 G4ThreeVector g2r = G4ThreeVector( r.y(), r.z(), r.x() );

muonGasGun_->SetParticleMomentum( G4ThreeVector( g2p.x(), g2p.y(), g2p.z() ) );
215 muonGasGun_->SetParticlePolarization( G4ThreeVector( g2s.x(), g2s.y(), g2s.z() ) );
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2 EXPLORING THE CODE

o+ G2MuonGasSource.cc
profile-sim ) B My Mac " R - profile-sim | Build profile-sim: Canceled | 1/15/15 at 10:54 AM

Debug

< IViLUINMudSoUUuILC.CL wsouy

QN & = 3 B2 <4 » profile-sim » | srcs ) | gm2ringsim ) | actions ) || PGA ) . G2MuonGasSource.cc ) [J] gm2ringsim::G2MuonGasSource::GeneratePrimaryVertex(G4Event* evt)

=B

h G2BeamT...Source.hh 203 ls-rotatez( —.pSiSRand );
.. G2Genera...Source.cc 204
205

2/

h G2Genera...Source.hh . . .
E Peoer 206 // Transform {position,momentum,spin} back to g2MIGTRACE coordinates.

9 . 207 G4ThreeVector g2r = G4ThreeVector( r.y(), r.z(), r.x() );
e G2GPSSettings.cc 208 G4ThreeVector g2p = G4ThreeVector( p.y(), p.z(), p.x() );
I G2GPSSettings.hh 209 G4ThreeVector g2s = G4ThreeVector( s.y(), s.z(), s.x() );

210

c- G2InflectorSource.cc 211 // Load the muonGasGun.
'h G2InflectorSource.hh | 5, muonGasGun_->SetParticleTime( randT );
G2MuonGasSource.cc  [JRiE muonGasGun_->SetParticlePosition( G4ThreeVector( g2r.x(), g2r.y(), g2r.z() ) );

h| G2MuonGasSource.hh TED muonGasGun_->SetParticleMomentum( G4ThreeVector( g2p.x(), g2p.y(), g2p.z() ) );

‘;‘ G2PGA_service.cc ;iz muonGasGun_->SetParticlePolarization( G4ThreeVector( g2s.x(), g2s.y(), g2s.z() ) );

'h G2PGA_service.hh 217 if( muonGasVerbosity_ ) {
c. G2SingleP...Source.cc | ¢ // Print some stuff
: 219
h| G2SingleP...Source.hh | o, static int COUNT_PRIMARIES = 0;
¢ G2SPSTim...ibution.cc 221 G4cout << endl;

As shown in the example above, if you click on a line number in the source
editor, you will create a breakpoint (e.g. line 214). Do that. If you switch to the
Breakpoint navigator, the breakpoint will show up there as well, as seen on
the right.

Now run the debugger executing the following command,

gm2 -n 200 -c ProductionMuPlusMuonGasGun.fcl

Since you are running a debug build, execution may be slower than what you
are used to.

NRQAO S

v, profile-sim
V |55
1 Breakpoint

¥ ¢+ G2MuonGasSource.cc

M gma2ringsi...Event* evt)




Bz QMO

gm2
vl PID 59001, Paused

@ cru

o _nENNANENRRRENERD
@@ Memory

A [T [ ] ]]
= Energy Impact
nNR NANNRNERNARARRNER
| Disk

|

 Network

v Thread 1

48 start
> w1 Thread 2

Above is an example of the debugging
session. Execution has stopped at the
breakpoint (line 214, noted by the green
shaded bar). Let’s look at what variables
we have available. From the code, we
see that g2r and g2p have the created

G2MuonGasSour

gm2ringsim::MuonGasPGA:...
2 artg4::ActionHolderService:...
3 artg4::ArtG4PrimaryGenera...
4 G4RunManager::GenerateE...
5 artg4::ArtG4RunManager::B...
6 artg4::artg4Main::produce(...
7 art::EDProducer::doEvent(a...

‘ce.cC

o 3
@ W

31%
102.6 MB
Very High
Zero KB/s

Zero KB/s

Queue: com.apple.main-thread...

uonG.as

el

< » | profile-sim ) | srcs ) | gm2ringsim ) | actions ) || PGA ) ¢. G2MuonGasSource.cc ) gm2ringsim::G2MuonGasSource::GeneratePrimaryVertex(G4Event* evt)
BB

zus SyrULaLCcay TEs1ondiiu
204
205

206 // Transform {position,momentum,spin} back to g2MIGTRACE coordinates.

207 G4ThreeVector g2r
208 G4ThreeVector g2p
209 G4ThreeVector g2s
210

G4ThreeVector( r.y(), r.z(), r.x() );
G4ThreeVector( p.y(), p.z(), p.x() );
G4ThreeVector( s.y(), s.z(), s.x() );

211 // Load the muonGasGun.

212 muonGasGun_->SetParticleTime( randT );

213 muonGasGun_-—>SetParticlePosition( G4ThreeVector( g2r.x(), g2r.y(), g2r.z() ) );

I} ) muonGasGun_—>SetParticleMomentum( G4ThreeVector( :g2p.x(), g2p.y(), g2p.z() ) ); Thread 1: breakpoint 1.
215 muonGasGun_—>SetParticlePolarization( G4ThreeVectr  a2s.x(). a2s.v(). a2s.z() ) );

216 . A vg2p 10

i 1f§/mg?:§i5\s’§;2°ziﬁ¥; ) 1 dx = (double) ~2756.1550809978321

219 dy = (double) 0

220 static int COUNT_PRIMARIES dz = (double) 1398.3933914429927

221 G4cout << endl;

222 GAcout << "skskokorkskskkokskskskokskekskskokskskskokskskokskokskskskokskokskokokskokskokskkskskokskkskskskksksokskokskokkokskokokkkk' << endl;

223 printf("x PRIMARY VERTEX: %-6d%43s\n", ++COUNT_PRIMARIES, "x");

224 G4cout << "xk x'" << endl;

o lo 14 11 nrintf (e DAADNAM AINIMRBED Q. 11 201120 [ 11w\ nt randllum nn niy .

= » > & 2 @ gm2) ¥ Thread 1) 0 gm2ringsim::G2MuonGasSource::GeneratePrimaryVertex(G4Event*)

[ sY = (G4double) 0 (Lldb) exp g2p
sZ = (G4double) 0 (G4ThreeVector) $0 = (dx = -2756.1550809978321, dy = @, dz = 1398.3933914429927)
> [0 s (G4Threevecton) crror: ext{lg?cp'x(ml tion 'Hep3Vector::x() t' ('_ZNK1@Hep3VectorlxEv') that is not t in the target
randT=(G4doub|e)216774_74223006616 :::g; ;aerrogsapal:‘rsﬂin;me\xpr:gsj;; or::x cons — ep3vectorlxkev at 1s not present 1n e targe
['] randNum = (G4double) 0.034460246562957764 t(e]r:]r::;) l‘)}:e e)z(przision could not be prepared to run in the target
gamma = (G4double) 29.268097682474941 (doublel) 219=P;2756. 1550809978321
|| beta = (G4double) 0.99941614122126853 (lldb)
omegaC = (G4double) 0.042178479130931826
psiCRand = (G4double) 9143.1358911999559
psiARand = (G4double) 311.91311384958419
psiSRand = (G4double) 9455.1420551135561
inflectorAngle = (C4double) -0.093050064015741673
v g2r (G4ThreeVector)
dx = (double) 3214.1100398875542
dy = (double) -6.914389494205837
dz = (double) 6334.8309363655617
V¥ |.E| g2p (G4ThreeVector)
dx = (double) -2756.1550809978321
[ . reeVector ' .
respectively. These are G4ThreeVect the object has three members. There
objects. The debugger can see inside are also functions, but we cannot call
them, as shown in the variable viewer them from the debugger (lldb window
(lower left white background). You can lower right), because that code in
also hover over the variable name Hep3Vector is not accessible. But that’s
(callout box in the code). We see that ok. We can get what we want by using

muon’s position and initial momentum

the dx, dy, dz components.



3 COLLECTING THE DATA

Let’s check the sanity of the initial position and momentum of muons created
by the gas gun. It looks like we want to examine the components of g2r and
g2p. If the debugger is running, quit it (Debug > Detach). We'll now add this
instrumentation.

Go back to the Breakpoint navigator, right (control-) click on the breakpoint
and choose Edit Breakpoint... A screen will appear (figure at upper right of
this page). Breakpoints have a lot of configuration options. Click on the Add
Action button and choose Log Message. We can now write an LLDB expres-
sion to the log console. Let’s write a comma-separated set of values (csv).
Type in the text box,

@g2r.dx@,@g2r.dy@,@g2r .dz@,0@g2p.dx@,@g2p.dy@,@g2p.dz@

and be sure the checkbox at the bottom is checked to continue after evaluat-
ing actions. That will make the debugger continue instead of stopping at the

breakpoint. This configuration is shown in the figure on the lower right of this
page. Note that each expression is surrounded by “@”.

Debug
BE QMNOE=EDE

B2 <4 » |3 profile-sim ) [ sr

. - <UJ Q:lULaLCLy TOSionainiu
v profile-sim 204
1 Breakpoint 205
V o G2MuonGasSource.cc 206 // Transform {position
207 G4ThreeVector g2r = G4
& Gl 2% G4ThreeVector g2p = G4
« G2MuonGasSource.cc:214
Condition ||
Ignore |0 \il times before stopping
Action Add Action
Options | | Automatically continue after evaluating actions
2187 // Print some stuff

- G2MuonGasSource.cc Debug

BERANO =D B

m, profile-sim
M 1 Breakpoint

B2 <4 » [ profile-sim ) | srcs )
ZUs Sl ULaLCLy TYolonaliu
204

205

206 // Transform {position,mom
207 G4ThreeVector g2r = G4Thre
208 G4ThreeVector g2p = G4Thre

V¥ ¢ G2MuonGasSource.cc

re
@I G2MuonGasSource.cc:214
Condition “ ] i
Ignore |0 \i\ times before stopping Po
Mo
Action [ Log Message = VIS, Po
|
@g2r.dx@,@g2r.dy@,@g2r.dz@,@32p.dx@,@92p.dy@.@c  {
(e) Log message to console @exp@ = expression
() Speak message %B = breakpoint name RI
%H = breakpoint hit count
3k
Options @I Automatically continue after evaluating actions ITE

25" /7 printf("x

226 printf("x RANDOM D



stoksioksioksokskoksokorokorororkolckrkokokokokkkk ! << endl;

- ++COUNT_PRIMARIES, "*");
Now run the debugger again. If the debug- : o << endls
ger pane is not displayed, do View > Debug
> -3598.8449699139974,-11,373169935100387, 6131, 2125918962938, ~2667 . 5649133468364, 0, ~1565. 7836727119823
Area > Show Debug Area. As the code 7107.1162644966353, 6. 6564705512943858, -312. 4229383992211, 135.92881605508336, 0, 3092. 1605959815874
: 4848. 0458240341168, -4.7369030973115134, 5207. 8814510963512, ~2265. 8424615998724, 0, 2109. 2853566330564
runs, you will see the console area of the ~273.1996190666768, 10.753139965913189, ~7119. 5186190712611, 3097. 5566062177822, 0, ~118. 86355386293792
I , ~7054.7549003038403,9.5611006067779857,-935.81983539780401, 407 .. 15602675736062, 0, -3069. 3792397910865
debugger fill with our Output! See flgure on 1888.4411878561805,-6.9485265577430848, 6852.7915219138522,-2981. 5091139555871, 0, 821.62204916892824
. -4805. 0009528967721, ~7.4532847934523181, 5232. 3947413364249, -2276. 5076916787539, 0, ~2090 . 5574155896675
right. 2912.6946565721519, 9. 9847318393664696, -6496. 0397165351378, 2826. 2937165871749, 0, 1267. 2537369580264

-3232.2965870783801,-12.161837085782388,-6343.4721869185705,2759.914711974111, 0,-1406.3059853147654
4285.682131853122,8.0871988259714556,5678.7845660394332,-2470.722753741135,0,1864.6124422107187
-5580.0364487489915,2.6426786390840111,-4420.3339971043652,1923.1967085164849,0,-2427.7594721724608

Select all of the text (Click inside and Edit > 6746.1271993260298, 15.02419174833277,2295.518316832351,-998. 73296320215763, 0, 2935. 1016537384594
-4285.6625126479248,9.7026388654661098, —5689. 4747298391248, 2475, 3738248698182, 0, —1864. 6039062967168
it > -1516.6943506350717,—7.6777791394535412, -6950. 6017852749301, 3024. 064354504917, 0, —659 . 8262083310826
Select All ) and copy (Ed’ t Copy ) -6208.803536315143, 8. 7638592132218402, 3468. 8893670403268, ~1509. 2426538967431, 0, -2701. 3231427056967

6804.9132187706127,-4.9632358372150494,2082.8619674606152,-906.21054489060782,0,2960.6782457282657
4434.8243449205665, 10.23915745052253,-5540.860824641828,2410.7149611951613,0,1929.5011618097506

Now we must get this information into a file. 3486.2653432774782,7.2113670514439541,6199. 7982520984024, -2697 . 4051281447523, 0, 1516. 8025849626854
-2883.130982583049, 11.781711770731972, 6501. 9498460500336, ~2828. 8650927857607 0, ~1254. 3911884391266

i i 6968. 0472094820707, -2.8409562942048661, -1426. 916494323428, 620. 8221159325002, 0, 3031. 6545009589686
Go to your terminal window and open a -2979.3692686219078,-17.5690360145109, 6454. 7348631819295, -2808. 3228216125681, 0, ~1296. 2624938799474

fil ith -3399,3834617486118,-11.550203379720079, 6262. 608252892046, ~2724. 7324719308517, 0, -1479. 0020593246927
new tlie with emacs, -2965.7912695663495,7.2368318463374672, 6453.8411671090344, -2807. 933992771369, 0, -1290. 3549848299535
-2893,2789197729335,-7. 643830460635506, 6487 . 4353327234867, -2822. 5501255743193, 0, -1258. 8063478851329

emacs -nw data.csv All Output *

On the first line, let’s type the header

X,Y,Z,pPX,py.pz ® 00 1. bash 2
mac-124553:build-debug lyon$ head data.csv
_ X,Y,2Z,DX,pY,pZ

and press enter for a new line. Now paste 3387.3756211136097, 20. 445908348300573, 6257 . 2934606567569, -2722 . 4201147786425 ,0, 1473 . 7776940163801
, , _ _ 2532.6243624268732, 15.439614007255583 , -6646 . 694543734061, 2891 . 8405435873265, 0, 1101 . 8929431392976
in the data with 38 V. Save the file with -4176.7482400256686, -2 . 5647021513400885 , -5769 .. 4962883973058, 2510. 1895646148841, 0, - 1817 . 217538941941

: -6992. 8648384033413, -12. 714414372891653, -1282 . 1874930289066 , 557 . 85349430824397, 0, -3042 . 4521425593175
Control-X Control-C to quit and then y to 2981.4039842852289, 8.6286170566173865 , -6445 . 6128820035401 , 2804 . 3540345958131, 0, 1297 . 1477569548713
save 6470.3677216531987, 5. 7615467521567227 2969 . 5620296457373, 1291 .. 9955652426634 , 0, 2815 . 1243578712183

-983.74723466517582,0.73916913416273855, 7048 . 3049830874897, -3066 . 5730130288516,0,-428 .00825570185782
3312.5474294159849,6.4977591635080758 ,6298 . 2944222732003, -2740.258792688142,0,1441.2214817321083
If you do head data.csv, you should see -6773.0870112093598, -7 . 1280659572322982 , -2145 . 5458402343129, 933.48301296076102, 0, -2946 . 8313152324117
) ) i _ mac-124553:build-debug lyon$ ||
something like the figure on the lower right.




In this example, we wrote the desired
data to the debugger console. You can
also configure the breakpoint to feed
this data into a shell or python script for
processing and/or storing.

In the Breakpoint navigator, right (con-
trol-) click on the breakpoint and choose
Edit Breakpoint... Then click on the Ac-
tion chooser and choose Shell com-
mand. You can also press the + and add
multiple actions to the breakpoint. You
must give the full path to your script and
the arguments list (each argument sepa-
rated by a comma; so the log message
we did earlier works here too).

Make sure the script is executable and
starts with the appropriate #!, or else
Xcode will give errors.

An example script is given on the right.
It first checks if the output file exists, and
if it does not, it writes the header line.
Otherwise it outputs the data to the file.

Such scripts are more convenient than
cutting and pasting.

#!/bin/bash
out="data.csv"
if [ ! -r "$out" ]; then
echo 'x,y,z,px,py,pz' > $out

fi

echo $1,%2,%3,%4,%5,%6 >> $out




3.1 SAVING THE BREAKPOINTS

So long as you don’t delete the break-
points, they will remain in your Xcode
project. You can make a breakpoint inac-
tive and Xcode will ignore it.

There is no built-in way to reconstitute a
breakpoint if the Xcode project is lost
(or, say, someone else wants to try the
breakpoint). Since breakpoints are easy
to create, a best practice would be to
have a debugging directory in the prod-
uct source with any scripts that were
used for data collection along with a text
file describing the breakpoints. The
needed information would be

- File and line number of the breakpoint.
It may be useful to have a copy of the
nearby source code in case the line
number changes due to changes in
the source.

« Information about actions, including
log information, script name and argu-
ments, etc.

« A description of the output data



4 VISUALIZATION

Now that we have our data, we should
look at it. There are many avenues to ex-
plore here. We will try three,

e Plots in Root
e Plotsin R

« 3D visualization in ParaView



4.1 ROOT

Loading the data into Root is possible with TTree: :ReadFile. You'll then have the data in a Root tree and you can use all of the
tools for visualization and analysis that Root provides. See transcript below. Note that Root does not like the header line and com-
plains, but fortunately it just skips it. Two example plots are at bottom: the radial position and momentum around p,,, ;.-

root [@] TTree *T = new TTree("ntuple", "muon creation data")

root [1] Long64 t nlines = T->ReadFile("data.csv", "x:y:z:px:py:pz", ',")

Warning in <TTree::ReadStream>: Couldn't read formatted data in "x" for branch x on 1line 1; ignoring line

Warning in <TTree::ReadStream>: Read too few columns (1 < 6) 1in line 1; ignoring line
root [2] T->GetEntries()

(const Longb4 t)200

root [3] T->Draw("sqrt(x"2+z"2)")

root [4] T->Draw("sqrt(px"2+pz”™2)")

sqrt(x*2+z"2) sqri(px*2+pz"2)
htemp _ htemp

L Entries 200 12— Entries 200

L Mean 7112 - Mean 3094
10— RMS 9.383 u RMS 4.082

_ 10—
8— _

B 8—
6— B

— 6 —
41— 4 __
T PJl\ o

B 1 |-I| 1 I|_|I|-|T‘ 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 Il 1 1 I|—|l ||—|I 1 0_ 1 H 1 HH-H‘IJ-LI-‘ 1 l 1 1 1 1 | 1 I-| 1 I 1 "|-|.I‘ 1 I|—| 1 I-I 1

7090 7100 7110 7120 7130 7140 3085 3090 3095 3100 3105
sqrt(x*2+z*2) sqrt(px*2+pz*2)

10



42 R

R an open source data analysis applica-
tion (see http.//www.r-project.org/) that is d = read.csv("data.csv", header=T) %>% tbl_df
well suited for analyzing simple data
files. The R libraries of dplyr and magrittr
make for a very interesting and easy to
read and write data analysis workflow
(once you understand how things work).
If you are interested in R, be sure to try
out the RStudio application.

require(dplyr) ; require(magrittr)

# Add r and p columns
d =d %% mutate( r = sqrt(x?2+z"2), p = sqrt(px™2 + pz"™2) )

# Plot them
d %$% plot(r, p, xlab='Radius (mm)', ylab='Momentum (MeV/c)")

3105
|
o

See the example code and plot to the
right. We see evidence of a correlation &°
put into the code.
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| |

3085
1
o

| T T | T 1
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Radius (mm)
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4.3 PARAVIEW

ParaView is an extremely sophisticated
2D/3D visualization application and
framework used for analysis of large
scale simulations (e.g. air flow over the
space shuttle). See www.paraview.org
for more information and downloading
instructions. For this example we will
use version 4.2.0.

As of writing this document, we do not
have a geometry description that works
well in ParaView. That may be coming.
In the meantime, we’ll make do with
what we have.

Following our example, we have posi-
tion and momentum information for each
created particle. We can plot this infor-
mation in 3D space. To visualize, we will
create a little arrow (a glyph) to indicate
the direction of the momentum vector.

Note that ParaView is a big and compli-
cated program. We will only scratch the
surface here. There are many sites on
the web with additional information.

After launching ParaView, load in the
data.csv file with the menu selection
File > Open... Unfortunately, ParaView
does not use the standard Mac file open
dialog, so you will have to hunt around
to find the file.

A common theme with ParaView is that
any potential expensive operation (like
loading a file) does not complete until
the user presses the Apply button.
Press that now.

A spreadsheet should appear with our
csv data. We need to do a few things be-
fore we can visualize the data fully.

We need to turn the data table into
graphics points. Use the “Table to
Points” filter. From the menu, select
Filters > Alphabetical > Table to Points.
In the properties box, select x for the X
column, y for the Y column, and z for the
Z column. And press the Apply button.

If you click on the little eye symbol next
to TableToPoints1 so that it is black, and
then close the spreadsheet view (most

likely layout 2). with the x, you will see
Layout 1 and you should see dots form-
ing a circle. These dots are the created
muons. If instead you see a line, you
have the wrong orientation. Click on the
—Y axis button in one of the various tool-
bars. That will change the view to look-
ing down onto the ring.

You can spin around the 3D view with
your mouse.

We do not have any geometry on this im-
age. Let’s see if we can set up bounda-
ries at the vacuum chamber edges. The
magic radius is 7112 mm and the inner
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and outer walls are 45 mm from there. The height of
the storage region is +45 mm as well. So let’s create
two uncapped cylinders, both centered at 0,0,0; both
with a height of 90 mm. One will have a radius of
7067 mm and the other will have a radius of 7157
mm.

Make sure the TableToPoints1 item is selected in the
Pipeline viewer. Create a cylinder source from the menu
by choosing Sources > Cylinder. Fill out the properties
sheet as shown on the upper right and select Apply.

Now create another Cylinder, make it the same as the
first one except the radius is 7157.

You can get a good view of the muons in the ring by ad-
justing the camera (click on the little camera icon in the
image window, next to “3D”) and fill in the positions as
shown on the lower right.
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Here is the view from doing the previous actions. The dots are the muons in the ring. They all look inside.

Now, let's add the the momentum directions. First, we have to turn the momentum components into a vector. Make sure the Table-
ToPoints1 item is selected in the pipeline viewer. From the menu, choose Filters > Alphabetical > Calculator. For Result Array Name,
enter pvec. In the text box below, enter px*iHat+py*jHat+pz*kHat and then press Apply. Let’'s add another calculator determine the
momentum magnitude. Add another calculator filter. For Result Array Name, enter pmag. In the text box below, enter mag (pvec) and

then press Apply.
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Now with Calculator? selected in the
pipeline, choose from the menu Filters >
Alphabetical > Glyph. Then enter (leave
items not mentioned at their defaults),

Tip Resolution = 20

Tip Radius = 0.3

Tip Length = 0.5

Scalars = pmag

Vectors = pvec

Scale Mode = off

Scale Factor = 400

Glyph Mode = all points
then press Apply.

In the pipeline viewer, find the TableTo-
Points1 item and click on the eye icon to

make it grey, hiding the points from view.

We see that the momentum vectors (the
arrows) are tangential to the ring. The
color is the momentum magnitude.

The cylinders have been hidden for a
better view of the muons.

pmag

-3.107e+03

3100

Looking down from above

3.107e+03

Looking from a side angle
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15 Muon Creation with Gas Gun

ParaView can do 2D plots as well.

We’ve only barely scratched the surface 104
of what this program can do. .

2082 2092 2094 3096 2008 3100 3102 3104 3106 3108
Momentum (MeV/c)
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5 CONCLUSIONS

Writing code is hard. Writing code correctly is even harder. The abil-
ity to check what a program is doing is essential to having it work
the right way. Debugging is an important part of a developers
toolkit, but doesn’t lend itself to collecting many data points and
visualizing the results.

This note documents debugging and visualization for sanity - a way
to collect data from your program and display it without altering
your code. The Xcode debugger makes it quite easy to inspect and
then extract data to a file. The data may be viewed with a variety of
applications. One hopes by viewing the data, one can confirm that
the program is operating correctly, or quickly see errors and fix
them before they become entrenched in the code.
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